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SUMMARY  PAGE 


THE  PROBLEM 

To  describe  the  equipment  used  to  improvise  electrocardi¬ 
ography  and  monitoring  for  a  severe  attack  of  what  appeared  to  be 
myocardial  ischemia  and  possibly  actual  myocardial  infarction, 
which  occurred  during  a  patrol. 

FINDINGS 

Directions  are  given  for  modifying  a  Tektronic  545A  Oscillo¬ 
scope,  with  improvised  electrodes  and  electrode  paste.  Further 
modification  supplied  augmented  leads,  giving  two  pick-ups  to  the 
oscilloscope.  Splicing  in  additional  cable  supplied  chest  leads. 

This  equipment,  together  with  a  Polaroid  camera,  made  it  possible 
to  take  complete  electrocardiograms. 

APPLICATION 

Knowledge  gained  from  this  report  should  enable  a  medical 
officer  on  submarine  patrol  to  improvise  electrocardiograph 
equipment,  should  such  an  emergency  present  itself. 
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ABSTRACT 


This  report  concerns  an  incident  of  sudden  serious  illness 
which  developed  in  a  crew  member  of  an  SSBN  while  on  patrol. 
Symptoms  indicated  a  possible  heart  attack.  The  medical  officer 
was  able  to  devise  a  simple  piece  of  improvised  equipment  from 
materials  normally  at  hand  which  substituted  for  electrocardiog¬ 
raphy  and  permitted  thorough  medical  care  of  this  patient. 

This  case  history  should  be  of  interest  and  assistance  to  all 
submarine  medical  personnel. 


For  electrode  paste,  we  used  surgi¬ 
cal  lubricant  to  which  had  been  added 
NaCl  (table  salt).  The  oscilloscope 
presented  a  clear  picture  without  the  • 
paste,  but  an  even  sharper  picture  was 
obtained  utilizing  the  paste. 

With  the  above  setup,  the  standard 
leads  were  taken  on  our  patient  and 
photographic  reproduction  of  the  same 
was  done  with  the  ship's  Polaroid 
camera  mounted  on  a  tripod  in  front 
of  the  oscilloscope.  The  results  of 
this  procedure  were  more  than  satisfy¬ 
ing. 

In  order  to  obtain  a  more  complete 
picture  however,  we  needed  additional 
information  obtainable  only  by  more 
leads. 


To  obtain  the  so-called  augmented 
leads,  we  modified  probe  ^2,  splicing 
in  another  piece  of  cable  to  which  had 
been  soldered  another  quarter,  thus 
giving  us  two  pick-ups  to  the  same  in¬ 
put  of  the  oscilloscope. 


Thus,  we  recorded  the  augmented  leads 
of  the  standard  electrocardiogram 
utilizing  the  following  schemata  to  ob¬ 
tain  AVR,  AVL  and  AVF: 


LEAD  AVR  LEAD  AVL  LEAD  AVF 


To  obtain  chest  leads  we 

further  modified  probe  =#2  by  splicing 
in  another  piece  of  cable  to  which  had 
been  soldered  another  quarter,  thus 
giving  us  three  pick-ups  to  the  same 
input  of  the  oscilloscope.  Probe 
was  then  used  as  the  wandering  chest 
electrode. 


Chest  leads  V-j^-Vg  were  placed  on 
the  chest  as  follows;  -  right  sternal 
border,  4th  interspace;  Vg  -  left  sternal 
border,  4th  interspace;  moving  pro¬ 
gressively  laterally,  V3  -  between  the 
4th  and  5th  interspaces;  V4  -  5th  inter¬ 
space  at  the  nipple;  V5  and  then  Vg  at 
the  anterior  axillary  line. 

With  the  above  setup  and  utilizing  the 
Polaroid  camera  as  described  previ¬ 
ously,  it  was  possible  to  take  a  com¬ 
plete  electrocardiogram.  The  described 
probe  combinations  give  one  ready  ac¬ 
cess  to  any  lead  that  he  might  want  to 
monitor  for  extended  periods  of  time. 

Invaluable  data  was  thus  obtained  on 
a  patient  who  suffered  myocardial  in¬ 
farction  while  on  a  routine  Polaris  sub¬ 
marine  patrol.  A  permanent  record  of 
the  patient's  electrocardiogram  was 
thus  obtained  and  additional  information 
on  arrhythmic  cardiac  beats  was  noted 
during  periods  of  monitoring. 


TECHNICAL  DATA  ON  THE  USE  OF  THE 
TEKTRONIC  545A  OSCILLOSCOPE  FOR  ELECTROCARDIOGRAPHY 
AND  CARDIAC  MONITORING 


1. 

Use  t5T)e  "D"  plug  in  unit 

(a) 

Use  silver  quarters  or  a  good 
electrical  substitute.  Four 

2. 

Millivolts  per  centimeter  on  1 

(b) 

are  required. 

RG-58  cable  about  26  feet 

3. 

Vertical  position,  as  desired 

(c) 

(d) 

BNC  connectors 

Cut  two  ten-foot  sections  of 

4. 

Preamp  balance,  as  necessary 

the  cable  and  install  the  BNC 
connectors  on  one  end  of  each 

5. 

Input,  AC  (A-B) 

(e) 

On  the  other  end  of  each 
cable,  strip  back  the  cable 

6. 

MV/cm  mult  set  at  1 

insulation  and  shielding  and 
solder  the  center  conductor 

7. 

Horizontal  display  on  A 

(f) 

to  the  quarters 

The  No.  2  lead  is  modified  in 

8. 

Time  base  "A”  set  at; 

the  following  manner: 

9. 

10. 


11. 


12. 


Trigger  stop  -  internal  (allows  to 
strobe  with  incom¬ 
ing  pulse,  heart¬ 
beat) 

Trigger  level  (S3mc)  -  as  neces¬ 
sary 

Time/cm  =  .2  sec/cm 


QUARTER 


Focus,  Intensity,  Astigmatism 
and  Scale  Illumination  as  desired 

Ground  scope  to  a  very  good 
ground.  Failure  to  accomplish 
this  step  will  cause  scope  to  pick 
up  any  amount  of  interference 

Make  up  probes  and  number  them 
as  No.  1  for  input  A  into  the  "O” 
plug  in  unit,  No.  2  for  input  B 

The  probes  shall  be  constructed 
in  the  following  manner: 


(g)  The  shielding  between  each 
additional  lead  must  be  sol¬ 
dered  together.  Then  tape 
them  together  for  strength, 

13.  It  is  important  that  a  good  con¬ 
ducting  medium  be  used  when 
attaching  the  probes  to  the  chest. 
The  better  the  conductor,  the 
better  the  presentation.  Failure 
to  provide  this  medium  will  de¬ 
grade  the  display. 
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14.  When  using  the  two-  or  three- 
probe  setup  it  is  important  that 
the  unused  probes  be  attached  to 
the  primary  probe  or  otherwise  it 
will  pick  up  stray  transients. 

15.  ^Vhen  actually  using  the  probes 
for  single,  double  or  triple  pick¬ 
up,  the  following  may  be  helpful: 

(a)  Two  probes,  standard  leads; 


#1 


(b)  Three  probe,  augmented 
leads: 


#1 


(c)  Four  probes,  chest  leads; 


CASE  SUMMARY  AND  FOLLOW-UP 

A  36  year  old  SKC  (SS)  experienced 
the  sudden  onset  of  severe,  sharp, 
crushing  substernal  chest  pain  with 
radiation  to  the  left  arm  and  down  to  the 
finger  tips .  He  was  seen  by  the  Med¬ 
ical  Officer  approximately  one  minute 
after  the  onset  of  symptoms.  He  was 
slumped  down  in  a  chair,  markedly 
dyspneic,  sweating  profusely,  pale,  and 
very  weak.  He  was  alert  as  to  time  and 
place  and  able  to  relate  his  symptoms 
clearly.  Pulse  was  120.  Initially  he 
had  several  short  bursts  of  intense 
sharp  pain  (3  of  these  in  the  first  10 
minutes).  He  was  moved  to  the  Com¬ 
manding  Officer's  stateroom  and  oxygen 
was  administered  with  some  relief  of 
pain,  dyspnea,  and  his  apprehension. 
Pulse  was  100-120  and  blood  pressure 
165/100.  His  pain  remained  severe  for 
30  minutes  and  then  continued  as  dull 


and  aching  with  associated  severe 
numbness  of  the  entire  left  arm.  Nar¬ 
cotics  were  not  readily  accessible  and 
25  mg  of  Phenergan  was  given  IV  ap¬ 
proximately  15  minutes  after  the  initial 
episode.  He  remained  anxious  and 
perspired  heavily  for  approximately  one 
hour. 

Past  history  reveals  pneumonia  one 
year  previously  and  a  16  year  history  of 
duodenal  ulcer,  well  controlled.  He 
denied  diabetes,  high  blood  pressure, 
tuberculosis,  venereal  disease,  lung, 
liver,  or  kidney  disease.  He  had 
smoked  approximately  1  pack  of  ciga¬ 
rettes  per  day  for  many  years  up  until 
3  years  ago.  He  notes  over  the  past  2-3 
years  several  episodes  of  what  can  be 
described  as  anginal -like  pain.  He 
states  that  a  few  of  these  episodes  were 
4-5  minutes  of  severe  substernal  pain 
with  some  radiation  to  his  left  shoulder. 
He  recalls  that  after  these  episodes  he 
was  extremely  fatigued  and  usually  re¬ 
quired  sleep  for  several  hours  to  re¬ 
cover.  He  had  an  EKG  two  years  ago 
and  told  that  it  was  normal.  (EKG  was 
not  available). 

Family  history  reveals  that  his 
father  died  at  age  42  years  of  a  myo¬ 
cardial  infarction  complicated  by 
pneumonia.  A  brother  died  at  age  28 
from  a  teratoma  of  the  lung.  His 
mother,  two  other  siblings,  his  wife, 
and  four  children  are  all  in  good  health. 

He  was  placed  at  strict  bed  rest, 
sedated  with  Phenobarbital,  legs 
wrapped,  given  IV  fluids  and  blood 
was  drawn  every  12  hours,  spun  down, 
and  the  serum  separated  and  frozen  for 
future  analysis  for  enzymes.  (These 
specimens  were  subsequently  lost  by 


the  support  tender.)  He  remained  se¬ 
riously  ill  for  4-5  days  experiencing 
15-20  episodes  of  short,  sharp  chest 
pain  without  radiation.  He  developed 
VPC's  on  day  3  which  continued  for 
several  days,  approximately  3-4  every 
5  minutes.  They  appeared  to  be  multi¬ 
focal  in  origin  (as  noted  during  periods 
of  monitoring  using  the  oscilloscope). 
On  day  4  a  grade  II/IV  systolic  murmur 
was  noted  at  the  mitral  area.  The 
murmur  was  heard  intermittently  over 
the  next  5  weeks.  Slowly  progressive 
ambulation  was  begim  on  day  8  and 
tolerated  well  up  to  ambulation  of  4-5 
times  per  day  for  15-30  minutes  at  the 
end  of  5  weeks.  He  was  changed  to 
Librium  10  mg  four  times  a  day  on  day 
12. 

Upon  return  from  patrol,  an  EKG  on 
the  tender  and  another  in  New  London 
were  read  as  essentially  within  normal 
limits.  He  returned  to  New  London  with 
the  crew  and  his  care  was  assumed  by 
the  Medical  Clinic  at  the  Naval  Subma¬ 
rine  Medical  Center  Hospital. 

In  April  1969  a  Medical  Board  was 
held.  Diagnosis  was  Acute  Anteroseptal 
Myocardial  Infarction,  #4201-541.  He 
was  sent  to  "6  months  limited  duly  not 
to  include  athletics,  extremes  of  emo¬ 
tion  and  strenuous  exercises".  He  con¬ 
tinued  to  do  well  for  the  next  several 
months  noting  several  episodes  of 
severe  angina  relieved  by  nitroglycerin. 
He  was  also  medicated  with  Librium. 

In  August  1969  consultation  with  a 
Cardiologist  at  the  Naval  Hospital,  St. 
Albans,  revealed  a  baseline  EKG  read 
as  abnormal  and  compatible  with  an 
old  anteroseptal  myocardial  infarction. 
A  triple  Masters  test  produced  some  ST 
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segment  depression.  He  was  placed 
on  Propanolol  40  mg  QID  and  Isordil 
10  mg  QID  with  some  decrease  in  the 
frequency  of  his  angina. 

In  September  1969  he  was  admitted 
to  the  Naval  Submarine  Medical  Center 
Hospital  because  of  chest  pain  with  sub¬ 
sequent  fainting.  Upon  regaining  con¬ 
sciousness,  he  took  a  sublingual  nitro¬ 
glycerin  which  aided  in  decreasing  the 
chest  pain.  EKG  was  normal  except  for 
occasional  VPC's.  Serum  enzymes  on 
3  successive  days  were  all  within 
normal  limits.  He  was  discharged  to 
duty  6  days  after  admission  on  Pheno- 
barbital  64  mg  QID  and  Propanolol  40 
mg  QID.  Following  this  admission  he 
did  well  with  1-2  episodes  of  chest  pain 
per  week. 

In  November  1969  he  was  sent  to  the 
Cardiology  Service,  Naval  Hospital 
Bethesda,  Maryland  for  cardiac  cathe¬ 
terization  with  coronary  angiography. 


A  treadmill  EKG  was  obtained.  A  heart 
rate  of  150  per  minute  was  accomplished 
without  evidence  of  pain,  arrhythmia  or 
hypotension.  Right  and  left  heart  cathe¬ 
terizations  and  coronary  angiography 
and  left  ventriculogram  were  performed. 
Mild  diffuse  changes  of  coronary 
atherosclerosis  and  no  evidence  of  a 
previous  infarction  were  reported.  The 
studies  were  felt  to  be  within  normal 
limits  for  the  patient's  age.  It  was 
recommended  that  he  be  returned  to 
full  duty. 

In  November  1969  a  Medical  Board 
was  held.  Diagnosis  was  Coronary 
Atherosclerosis,  mild,  =#4201-000  and 
he  was  returned  to  full  duty.  At  the 
present  time  he  is  on  no  medication 
except  for  a  mild  tranquilizer  when 
needed.  He  has  mild  attacks  of  chest 
pain  which  subside  spontaneously. 

EKG's  taken  on  patrol  utilizing  the 
oscilloscope  and  Polaroid  camera  are 
presented  on  the  following  pages: 


EKG  #/ 


I 


I  I 


~ 

iy  _ 

^wmk 

A  It  1 

4444- 

lilt 

I 

1 1  n 

‘t  1  9  i 

i  j  j  1 

1 1  i  1 

1  1  i  1 

■  ill 

rTTTT 

ITI 1 

_ 

1 1 1 1 

1 

III! 

■TTTT 

.ii  1 1 

fill 

TTTT 

tHt 

■HTt 

• 

-Y] 

p*" 

i 

r* 

1  1 

[ 

•  L 

1 

Ji 

L- 

□ 

[ 

-t  f  i  «- 

lilt 

■  >  •  » 

□ 

"■ » ^ » 

>  t  >  1 

r 

kn  1 

n  rri 

TTTi' 

I'l  1 1 

TTTT 

n 

TTTT 

itfX- 

TTTr 

TTfT 

■rr  1 ' 

1  1  1  1 

r 

1 _ Z 

-V- 

1 

T 

■■>-  _A 

V 

.. 

"  .1/ 

- 

:V*H 

rO 

,| 

.'  v»»- 

-H44: 

'•  •  f 

MM 

MAm 

VLLf 

V 

??1 

MU 

339 

‘ 

.5 

TT 

m 

+H 


r*-'r — 


.1 

1 

:-J  . 

F 

MMV^ 

f  1 1 T' 

t  i  t 

« «'« « 

-1 1  • « 

1  1 «  » 

F 

III* 

'/  1 

■  1 

1-f  If 

1  ''' 

1  rj  T ' 

Ji 

jn  \  1 

TTTT^ 

1 1 1 1 

c 

n 

h  ‘ 

L  *'  ■  '  J 

pVHM 

Z 

. 

:»W- 

4++4- 

-« t « . 

■i+H 

u 

jy 

nn 

\r 

.1 

rn 

n 

T 

=r 

W4 


m 


fcfctt 


m 


•  ■  •  » 1 

i 

•  * ' 

■  j 

.J^-1 

3.  :■' 

i,'\' 

•  '■'>• 
A-^  •■’ 

’■*  '  V 

k2 

■  'T* 

■f 

f3: 

Wir 

«>4rr 

++tT 

Wff 

u  i5r 

|M4f 

Wff 

'Jftrnm 

^**** 

I.. 

*J2" 

3£- 

. 

—  ___ 

-  ■  . 

L,t 

^ ' 

1  * 

rN 

•  i 

vf" 

'  •  N! 

.•  j 

Z] 

; 

Mum 

]? 

*  ■*  < 

/  j 

i 

P*! 

E 

444^ 

TJTT 

■,i|5c 

4ZZ 

T^l 

\J 

1111 

l""'J 

M  rt 

J 

•*’*. 

k- 

ti 

;  > 

>  •  • 

i 

f* 

ir 

-T 

Mii 

•v-S 

zz 

-  T— 

JL 

iMMMK 

1  w 

p- 

' .  .■-  — 

SHT 

I-*,  * 

-H44 

*N«i 

Mm- 

-444+ 

*^?*^*' 

41  M 

*^11 

Lj  1 1 1 

rmmigf 

Wp3 ' 

■1  1  « 

1^ 

JJJJ- 

S33 

f^B 

1  ■ .  - 

MM 

3 

s 

r3 

rnmmm 

MNM^ 

3 

S 

r 

■VVBi 

-Mi-i 

[Z 

a 

E 

r 

K 

1 1 1 1 

-H-<  •* 

H 

Im/i 

1 

y 

M" 

TWf 

fill 

rtH4 

"4i4 

Pg-‘" 

It 

S 

- 

r'- 

‘ 

1 

vw 

j  . 

- - f 

n 

:3 

?TF 

□0:^ 

r— - 

s 

□ 

■ 

I  •mmmwmmw  t  rum  ww^  T  rv  rvvv^  WTW  rm '•  m  ««  VW  V 


I 


r-"" 

: — . ■  '  ^ 

n 

n 

□ 

’: 

P 

P 

□ 

7^ 

LX. 

M 

LJ 

fnrmnti 


UNCLASSIFIED _ 

DOCUMENT  CONTROL  DATA  -  R  &  D 


(Security  cl»X9iticeii0n  ot  tltia,  body  of  obstfsrt  srtd  iadexing  onnot^fion  nrost  be  eniered  wheo  the  averMjI  report  fa  closaf/ftd) 


1.  ORIGIN  A  TING  ACTIVITY  fCorpOfAfc  MUtborJ 

U.S.  Naval  Submarine  Medical  Center,  Naval  Submarine 
Medical  Research  Laboratory 

24.  REPORT  SECURITY  CLASSIFICATION 

U 

2b.  GROUP 

N/A 

3.  REPORT  TITLE 

ELECTROCARDIOGRAPHY  AND  CARDIAC  MONITORING  ABOARD  SSBN  SUBMARINE  ON 

PATROL 

4.  OESCKl^TIVC  NOTES  f7yp«  of  r«po€t  ond /ncJuMfiro  dotoo) 

Interim  report 

5.  AUTHOR(S)  fFir«f  nsmo,  middlo  in/tfsft  tsoi  nxmej 

Michael  A.  PROSIN,  LT  MC,  USN 

4.  REPORT  DATE 

19  March  1970 

74.  TOTAL  NO.  OP  PAGES  7b.  NO.  OF  REFS 

12  0 

M.  CONTRACT  OR  GRANT  NO. 

b.  PROJECT  NO. 

MF099.01,01 

4. 

d. 

M.  ORIGINATOR'S  report  NUMBER(S) 

SMRL  Report  No .  621 

ab.  OTHER  REPORT  NOISI  (Any  otbxf  nomboro  thst  otsy  bo  soo/^od 
tbio  roport} 

10.  OISTRiOUTIOM  STATEMENT 

This  document  has  been  approved  for  public  release  and  sale;  its  distribution  is  unlimited. 

11-  SUPPLCMCNTARV  NOTES 

12.  SPONSORING  MILITARY  ACTIVITY 

U.S. Naval  Submarine  Medical  Center 

Box  600,  Naval  Submarine  Base 

Groton,  Conn.  06340 

iS.  ABSTRACT 


Directions  are  given  for  modifying  an  oscilloscope  for  use  in  taking  electrocardio¬ 
grams  in  an  emergency  situation,  such  as  one  described  in  this  report  where  a  crew 
member  suffered  an  acute  attack  of  what  appeared  myocardial  ischemia,  possibly  actual 
myocardial  infarction,  while  the  submarine  was  on  patrol. 


UNCLASSIFIED 

Security  Classification 


DD  .:r.J473  (PAGE  I ) 

S/N  0101. 807-6801 


UNCLASSIFIED 


Security  Classification 


ROLE  I  WT  \  ROLE  I  WT 


Electrocardiography  on  SSBN  submarine 

Improvisation  of  Electrocardiogram  capability 

on  a  submarine 


DD  ,''.r„1473 

(PAGE  2) 


UNCLASSIFIED 

Security  Classincetion 


